The modified Potts model considering the lattice size and the sublattice displacement is used for studying of structural transitions in ferroelectric systems. It was shown that the lattice type is determined by the competing influence of intermolecular interactions (dipolar-dipolar, exchange interactions, Lennard-Jones potential). The lattice parameters are calculated for different intermolecular interactions. It was shown that crystallographic parameters of lattice and the value of spontaneous polarization are changed drastically at a certain temperature.
Introduction
The main problem of statistical theories of ferroelectrics is that equilibrium properties are simulated for a predetermined crystal lattice. However, the lattice type and the crystallographic parameters could be changed under the influence of temperature, pressure and external electric fields. The Ising model is usually applied for simulations of the ferroelectric systems [1] , that is, on the 180°-th domain wall model, which is a simplification, because there are configurations of the domain structure in which the direction of the polarization vector occurs at an angle different from 180°. Such a simplified approach is possible only to study the properties of substances with isolated axes outside the crystalline phase, for example, for the Rochelle salt or KH 2 PO 4 . In addition, the Ising model has a discrete symmetry group. Onsager had strictly proved that in this model there was a spontaneous polarization in a monolayer [2] . However, it was experimentally established that there are sufficiently thin ferroelectric films in which spontaneous polarization may be absent [3] . Therefore, the Potts model is used in this work.
Model
In low-molecular ferroelectric crystals, the polarization arises from the displacement of atoms of one sublattice to centers of faces ( Fig. 1a ) or nodes ( Fig. 1b ) of another sublattice. In this work, we substitute two sublattices for a three-dimensional lattice model of rotators for studying * corresponding author; e-mail: og62@mail.ru of order and phase transitions in this system (Fig. 1c ). The location of the node is determined by the set of three numbers n 1 , n 2 , n 3 . A rotator (an element that has only rotational degrees of freedom) is related to each node. Possible directions of rotators, which depend on the types of sublattice displacement, are shown in Fig In this work, the potential of the system consists of three terms: the Lennard-Jones potential, the potential of dipolar-dipolar interactions (the Keesom energy) and the potential of exchange interactions which is determined by the formula
Value of constants K i in formula (1) depends on the distance between rotators r 1 = a, r 2 = b, r 3 = c, where a, b, c are distances between dipoles in the directions N 1 , N 2 , N 3 respectively. In paper [1] it was shown, that for the dependence approximated by K i = K 0 /r v , the value of v is greater than 3. In this work v is taken as 4.
Results and discussion
At low temperatures, the rotators have a location in which the potential energy has a minimum. The dependencies of crystallographic distances at low temperatures are shown in Fig. 2 for different values of constants of exchange interactions K 0 on the relation λ = kp 2 /ε, where k is the constant in the Coulomb law, p is a module of the dipole moment of rotators, ε is the depth of the potential well at the Lennard-Jones potential. It was assumed that the crystallographic distances b and c are equal. One can see in Fig. 2 that the crystal lattice is cubic if the dipole-dipole interactions are neglected. As the value λ increases, the parameter b goes up whereas the value of a becomes less, i.e., the anisotropy of the lattice increases. With further increase of the value λ, the parameters a and b appear to be equal to each other, and the lattice becomes cubic one.
For studying of the behavior of ferroelectric systems at high temperatures, the modified Potts model is used in which the sizes of crystal lattices and the selected directions are determined on each step of Monte-Carlo simulation and depend on the mutual position of sublattices (Fig. 1) . The equilibrium state of the system is determined by the condition of minima of free energy. The dependencies of lattice parameters a and b on temperature are shown in Fig. 3a . The displacement of sublattice and the decreasing of the dipole order parameter occur at a certain temperature (Fig. 3b) , i.e. there is a phase transition at this point.
Conclusion
The influence of energy of orientational interactions becomes less significant with the increase of temperature. This fact influences the density of segments (rotators) and, accordingly, relative sizes of the system.
